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What is claimed is: 

1. A system, comprising: / 
an electrode system which includes at least one electrode; 

control circuitry, where the control circuitry is couplet! to the electrode system 
from which a first cardiac signal is sensed, and where the control circuitry includes: 

a pulse circuit coupled to the electrode system, where the pulse circuit 
produces electrical pulses at a first value to be delivered to the electrode system 
in a first cardiac region; / 

a depolarization circuit coupled to the electrode system, where the 
depolarization circuit detects in the first^ardiac signal an occurrence of cardiac 
depolarizations in a second cardi^region that occurs in direct reaction to 
electrical pulses generated by/the pulsed circuit; and 

a pulse adjustment/Circuit coupled to the pulse circuit, where the pulse 
adjustment circuit modifies the firs/ value of the electrical pulses when the 
depolarization circuit detects the occurrence of a cardiac depolarization in the 
second cardiac region that occuVsin direct reaction to an electrical pulse 
delivered to the at least one dcctrode in tWnrst cardiac region. 

2. The system of claim 1, whpre the pulse adjustment circuit lowers the first value 
of the electrical pulses by a first ^mount when the depolarization circuit detects the 
occurrence of the cardiac depolarization in the second cardiac region that occurs in 
direct reaction to the electrical pulse delivered to the electrode system in the first cardiac 
region. / 
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3. The system of claim 2, where the first value of the electrical pulses 
is a first voltage value and the first amount the pulse adjustment circuit lowers the first 
voltage value is a percentage of the first voltage value. 

4. The system of claim 2, where the first value of the electrical pulses 
is a first voltage value and the first amount the pulse adjustment circuit lowers the first 
voltage value is approximately 0.2 volts. 
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5. The system of claim 2, where the first value or the electrical pulses 
is a first energy value and the first amount the puls^adjustment circuit lowers the first 
energy value is a percentage of the first engpgf va 

6. The system of claim 1, wfiere the puls^ adjustment circuit sets the first value of 
the electrical pulses based op a threshold 

7. The system of claim 6, wji^fe ttt^thfeshold test is conducted by the control 
circuitry in which the pulse circuit delivers test pacing pulses at values over a first value 
range to the at least one electrode, where the first value range includes an initial high- 
test pacing pulse for which the depolarization circuit detects a depolarization in the first 
cardiac region and the second caraiac region, and where the values of the test pacing 
pulses are reduced over the first/value range at first intervals until the second cardiac 
region is no longer depolarized by the test pacing pulses at a second cardiac region 
pacing threshold value and until the first cardiac region is no longer depolarized by the 
test pacing pulses at a firs/ cardiac region pacing threshold value, where the pulse 
adjustment circuit sets me first value based on the first cardiac region pacing threshold 
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value and the second cardiac region pacing threshold value. 

8. The system of claim 7, where the pulse adjustment ci/cuit sets the first value at a 
value midway between the first cardiac region pacing threshold value and the second 
cardiac region pacing threshold value. 
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9. The system of claim 8, where the pulse adjustment circuit adds a safety margin 
value to the first value midway between the first cardiac region pacing threshold value 
and the second cardiac region pacing threshoM value. 



10. The system of claim 7, where 
to ten (10) volts, and the initial high- 
approximately ten (10) volts. 




st value range is approximately one (1) volt 
ulse has a voltage value of 



1 1 . The system of clain/6, whfere the threshold test is conducted by the control 
circuitry in which the pulse circi/it delivers test pacing pulses at values over a first value 
range to the at least on^ electr</<^, where the first value range includes an initial low-test 

adzktion circuit fails to detect a depolarization in the 
first cardiac region and theiecond cardiac region, and where the values of the test 
pacing pulses are increased over the first value range at first intervals until both the first 
cardiac region depolarize from the test pacing pulse and the second cardiac region does 
not depolarize from the test pacing pulse at a first cardiac region pacing threshold value 
and until the first caraiac region and the second cardiac region are depolarized by the 
test pacing pulse at af second cardiac region pacing threshold value, where the pulse 
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adjustment circuit sets the first value based on the first cardiac region pacing threshold 
value and the second cardiac region pacing threshold value. 

12. The system of claim 11, where the pulse adjustment circuit sets the first value at 
a value midway between the first cardiac region pacing t)u"eshold value and the second 
cardiac region pacing threshold value. 
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13. The system of claim 12, where the pulse adjustment circuit adds a safety margin 
value to the first value midway between the first/cardiac region pacing threshold value 
and the second cardiac region pacing threshold' value. 

14. The system of claim 11, whej^ihe first value range is approximately one (1) volt 
to ten (10) volts, and the initial Jdw-test facing pulse has a voltage value of 
approximately one (1) volt. 

15. The system of c&im 1, vflier^the electrode system includes a first cardiac lead 
and a second cardiac l$ad, ^here tne first cardiac lead includes at least one electrode 
coupled to the control circuitry from which the first cardiac signal is sensed, and where 
the second cardiac lead includes at least one electrode coupled to the control circuitry 
from which the control circuitry detects a second cardiac signal and the depolarization 
circuit detects in the second cardiac signal cardiac depolarizations in the second cardiac 
region as a result of electrical pulses delivered to the first cardiac region. 
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16. A method, comprising: 

delivering electrical pulses at a first value to a first cardiac region; 

sensing at least one cardiac signal, where the cardiac signal/ncludes indications 
of cardiac depolarizations; 

detecting from the cardiac signal a cardiac depolarization from a second cardiac 
region which occurs in direct reaction to an electrical pulse delivered to the first cardiac 
region; and 

modifying the first value of the electrical pulses/vhen the cardiac depolarization 
q which occurs in direct reaction to the electrical pulse ^delivered to the first cardiac region 

is detected from the second cardiac region. 

M 

SJ 17. The method of claim 16, wher^^iverh<g electrical pulses includes delivering 

s electrical pulses at the first valued a supraventricular location, and detecting from the 

f~ . / / 

^ second cardiac region includes detecting fiym a ventricular cardiac region. 
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18. The method of daim 1 (x^liere modrfykigthe first value of the electrical pulses 
includes lowering the firsTvalue of the electrical pulses by a first amount when the 
cardiac depolarization in the second cardiac region occurs in direct reaction to the 
electrical pulse delivered to the first cardiac region. 

19. The method of claim IS, where lowering the first value includes lowering the 
first value of the electrical pulses by a first percentage of the first voltage value. 
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20. The method of claim 18, where lowering the first value includes lowering the 
first value of the electrical pulses by approximately two tenths 00.2) volts. 

21. The method of claim 16, including conducting a threshold test, and setting the 
first value of the electrical pulses based on the threshold test. 

22. The method of claim 21, where conducting the /threshold test includes deli vering 
test pacing pulses, including an initial high-test pacing pulse, at values over a first value 
range to the first cardiac region; J^~^\ 

analyzing the cardiac signal for cardiap^^olarizations from the first cardiac 
region and the second cardiac region whicn occur as a result of the initial high-test 
pacing pulse; / / 

reducing the values of the tesx pacingftpulses over the first value range until a 
second cardiac region pacing threshold vaMel is reached where the second cardiac region 
is no longer depolarized and the first card/ac region is depolarized by the test pacing 
pulses; / 

continuing to reduce the value/ of the test pacing pulses over the first value 
range until a first cardiac region pacing threshold value is reached where both the first 
cardiac region and the second cardiac region are no longer depolarized by the test pacing 
pulses; and / 

setting the first value based on the first cardiac region pacing threshold value and 
the second cardiac region pacing threshold value. 
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23. The method of claim 22, including setting the first value at a value midway 
between the first cardiac region pacing threshold value and tne second cardiac region 
pacing threshold value. / 

24. The method of claim 23, including adding a safi&ty margin value to the first value 
midway between the first cardiac region pacing thresl/old value and the second cardiac 
region pacing threshold value. / 

25. The method of claim 21, where conduptii^Efe^u-eshold test includes delivering 
test pacing pulses, including an initial lp^-test pacing pul\e, at values over a first value 
range to the first cardiac region; / I 

analyzing the cardiac signal for cardiac depolarizations from the first cardiac 
region and the second cardiac/region which occur as a result of the initial low-test 
pacing pulse; / / I 

increasing the values ofjhz test pacihg/pulses over the first value range until a 
first cardiac region pacing threshold vzuue is reached where the first cardiac region is 
depolarized and the second cardiac region is not depolarized by the test pacing pulses; 

continuing to increase the values of the test pacing pulses over the first value 
range until a second cardiac region pacing threshold value is reached where both the 
first cardiac region and the second cardiac region are depolarized by the test pacing 
pulses; and / 

setting the first value Based on the first cardiac region pacing threshold value and 
the second cardiac region pacing threshold value. 
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26. The method of claim 25, including setting the first valup at a value midway 
between the first cardiac region pacing threshold value and ther second cardiac region 
pacing threshold value. / 

27. The method of claim 26, including adding a safetymargin value to the first value 
midway between the first cardiac region pacing threshold value and the second cardiac 
region pacing threshold value. / 

28. A system, comprising: / 



means for sensing at least one^ardiac signal, whepe the cardiac signal includes 
indications of cardiac depolarizatiwis; / 

means for detecting from the cardiac Signal a cardiac depolarization from a 
second cardiac region which/occurs ^n^clireot reaction to an electrical pulse delivered to 
the first cardiac region^ and. ✓ \ / 

means for modifying the first vaLuk^Tthe electrical pulses when the cardiac 
depolarization which occurs in direct reaction to the electrical pulse delivered to the first 
cardiac region is detected from the second cardiac region. 

29. The system of claim 28, wMere the means for delivering electrical pulses 
includes means for delivering electrical pulses at the first value to a supraventricular 
location, and the means for detecting from the second cardiac region includes means for 
detecting from a ventricular cpdiac region. 
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30. The system of claim 28, where the means for modifying the first value of the 
electrical pulses includes means for lowering the first value of tne electrical pulses by a 
first amount when the cardiac depolarization in the second caraiac region occurs in 
direct reaction to the electrical pulse delivered to the first caraiac region. 

31 . The system of claim 28, including means for conducting a threshold test, and 
means for setting the first value of the electrical pulses pased oh the threshold test. 

32. The system of claim 31, where the means foy conducting the threshold test 
includes means for delivering test pacing pulses, including an initial high-test pacing 
pulse, at values over a first value range to the^rfst cardiac region; 



means for analyzing the cardiac signal far cardiac depolarizations from the first 
cardiac region and the second cardiac/region which occur as a result of the initial high- 
test pacing pulse; / / 

means for reducing the values jntM test pacing pulses over the first value range 
until a second cardiac region pacipg thre&iold-value is reached where the second cardiac 
region is no longer depolarized and the first cardiac region is depolarized by the test 
pacing pulses; / 

means for continuing to reduce the values of the test pacing pulses over the first 
value range until a first cardiac region pacing threshold value is reached where both the 
first cardiac region and the second cardiac region are no longer depolarized by the test 
pacing pulses; and / 

means for setting the first value based on the first cardiac region pacing 
threshold value and the second cardiac region pacing threshold value. 
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33. The system of claim 32, including means for setting the first value at a value 
midway between the first cardiac region pacing threshold valuer and the second cardiac 
region pacing threshold value. 

34. The system of claim 33, including means for adding a safety margin value to the 
first value midway between the first cardiac region pacing threshold value and the 
second cardiac region pacing threshold value. 
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35. The system of claim 3 1 , where the means for conducting the threshold test 
includes means for delivering test pacing pulses^nctfuding ansinitial low-test pacing 
pulse, at values over a first value range totij^irs^cardiac regioji; 

means for analyzing the cardiacpfgnal fori cardiac depolarizations from the first 
cardiac region and the second cardiac/region wmch/Dccur as a result of the initial low- 
test pacing pulse; 

means for increasing the vali^so£lh#test jtaGing pulses over the first value 
range until a first cardiac region pacing threshold value is reached where the first 
cardiac region is depolarized and the second cardiac region is not depolarized by the test 
pacing pulses; 

means for continuing to increase^ the values of the test pacing pulses over the 
first value range until a second cardiaaregion pacing threshold value is reached where 
both the first cardiac region and the second cardiac region are depolarized by the test 
pacing pulses; and 

means for setting the first Value based on the first cardiac region pacing 
threshold value and the second cardiac region pacing threshold value. 
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36. The system of claim 35, including means for setting the first value at a value 
midway between the first cardiac region pacing threshold v4ue and the second cardiac 
region pacing threshold value. 




37. The system of claim 36, including m^ans for idding a safety margin value to the 
first value midway between the first cardi/c regio^acing threshold value and the 
second cardiac region pacing threshold v^ 

V 

\ 

A system for use in a heart having a first cardiac region and a second cardiac 



region, composing: 
0 a pulse circuit connected to a first electrode; 

. H 

J an amplifier circuit connected to a second electrode; 

an autocapture system including an autocapture protocol adapted to 
prevent unintended cardiac depolarizations sensed at the second electrode due to 
pulses delivered by the pulse circuit through the first electrode when the first 
electrode is positioned in the first cardiac region and the second electrode is 
positioned in the second cardiac region; and 

a depolarization circuit adapted to use the autocapture protocol to detect 
the unintended cardiac depolarizations, the depolarization circuit producing a 
signal indicating the detected depolarizations. 

to the pulse circuit, the pulse adjustment circuit adapted to modify a first value 
associated with the pulses delivered by the pulse circuit based on whether an occurrence 
of cardiac depolarization sensed at the second electrode is detected. 
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The system of claim further comprising: 

a first coupling capacitor, connected to the first electrode; 

a second coupling capacitor, connected in series to the first coupling 

capacitor; and 

a first switch, connected in parallel to the second coupling capacitor, to 
allow a selective employment of the second coupling capacitor. 

\^ The system of claim ^ wherein a first capacitance of the first coupling 

capacitor is greater than ten microfarads, and a second capacitance of the second 
coupling capacitor is less than five microfarads. 



\4 \* 

4^ The system of claim \lyf 



The system of claim \ly further comprising a pulse adjustment circuit, coupled 
to the pulse circuit, the pulse adjustment circuit adapted to modify a first value 
associated with the pulses delivered by the pulse circuit based on whether an occurrence 
of cardiac depolarization sensed at the second electrode is detected. 

43^ A system for use in a heart having a first cardiac region and a second cardiac 
region, comprising: 

a pulse circuit coupled to a first electrode; 

a sense amplifier circuit having an input and an output, the input coupled 
to one of the first electrode and a second electrode through a first switch; and 

a depolarization circuit coupled to the output of the sense amplifier 
circuit, the depolarization circuit adapted to detect cardiac depolarizations 
sensed at one of the first and second electrodes due to pulses delivered by the 
pulse circuit through the first electrode when the first electrode is positioned in 
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the first cardiac region and the second electrode is positioned in the second 
cardiac region, the depolarization circuit producing a signal indicating the 
detected depolarizations. 

4^. V The system of claim further comprising a pulse adjustment circuit, coupled 
to the pulse circuit, the pulse adjustment circuit adapted to modify a first value 
associated with the pulses delivered by the pulse circuit based on whether an occurrence 
of cardiac depolarization sensed at the second electrode is detected. 

A . ^ 

4£j^* The system of claim 33, wherein the pulse circuit comprises: 

a first coupling capacitor, connected to the first electrode; 
a second coupling capacitor, connected in series to the first coupling 
capacitor; and 

a first switch, connected in parallel to the second coupling capacitor, to 
allow a selective employment of the second coupling capacitor. 




The system of claim 4^7 wherein a first capacitance of the first coupling 
1 y capacitor is greater than ten microfarads, and a second capacitance of the second 

coupling capacitor is less than five microfarads. 

4^ The system of claim 4IOurther comprising a pulse adjustment circuit, coupled 
to the pulse circuit, the pulse adjustment circuit adapted to modify a first value 
associated with the pulses delivered by the pulse circuit based on whether an occurrence 
of cardiac depolarization sensed at the second electrode is detected. 
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A method, comprising: 

delivering electrical pulses at a first value to a first cardiac region; and 
using an autocapture protocol to detect cardiac depolarizations sensed in 
a second cardiac region due to the electrical pulses delivered to the first cardiac 
region, the autocapture protocol adapted to prevent unintended depolarization of 
the second cardiac region due to the electrical pulses delivered to the first 
cardiac region. 

The method of claim 4S\further comprising modifying the first value based on 
whether the cardiac depolarization in the second cardiac region is detected. 



5^. The method of claim 4H, wherein the first cardiac region is an atrial region, and 
the second cardiac region is a ventricular region. 

5^. The method of claim 4Q, wherein the first cardiac region is a ventricular region, 
and the second cardiac region is an atrial region. 

J* & 

5^. The method of claim 4^, wherein modifying the first value includes increasing 
the first value by a first amount when the cardiac depolarization in the second cardiac 
region is not detected. 

53. The method of claim 5^, wherein the first value is a first pulse width value. 
5^. The method of claim 5\ wherein the first value is a first voltage value. 
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^ The method of claim 3^, wherein increasing the first value includes increasing 
the first value by a first percentage of the first voltage value. 

• ^ 

5& The method of claim 5H, wherein increasing the first value includes increasing 
the first value by approximately two tenths (0.2) volts. 

"^7. The method of claim wherein modifying the first value includes modifying 
the first value until a second cardiac region pacing threshold is reached, the 
second cardiac region pacing threshold being the first value required to capture 
the second cardiac region. 

<f 

SJ 5\ The method of claim 5^, further comprising using the autocapture protocol to 

detect cardiac depolarizations sensed in the first cardiac region due to the 
electrical pulses delivered to the first cardiac region. 

vV 

5% The method of claim 5^ further comprising modifying the first value based on 
whether the cardiac depolarization in the first cardiac region is detected. 

6Q^ The method of clainrS§, wherein modifying the first value includes modifying 
the first value until a first cardiac region pacing threshold is reached, the first 
cardiac region pacing threshold being the first value required to capture the first 
cardiac region. 
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61 . ^ nhe method of claim (K^ further including: 

setting the first value based on the first and second cardiac region pacing 
thresholds. 
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